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Introduction

To dsvelope works on stable isotopes application a pilot
plant producing boron, nitrogen, oxigen, carbon, neon, srgon,
krypton und other isotopes has been organized im Tbilissi.
Isotope separation is carried out by means of distillntion,
chemical exchange and mass-diffusion methods. Experimental
production techmnological cycle also includes the preparation
of initial products to feed boron isotopes separating devices
and the synthesis of a number of compounds on th ¢ base of
boron, nitrogen, oxigen and other isotopes.

The basic building of the pilot plant is a fifteen-sto-
rey tower of the 63 metres height. Columm type separating de-
vices are placed on its verticals. Mass-diffusiom cascades
and auxiliarg equipment are situated on its floors. The suffi-
cient height of the tower permits to set columns of cascade
one above amotherj im such a way as to reslize material trans-
port between columms through the special dosimg devices with-
out piping pump application. It's evident that such a systenm
of £ lux distribution appreciably increases separating equip-
nent operation reliabilit y. The four-storey building adjoins
upon the tower part. There are placed thers: a control-room
where all the separating processes automatic comtrol systems
are concentrated; initial products producing devices; enriched
raw material treatment devices snd isotopic composition and
chemical analysis control laboratories too.

A general sight of the production building with its
tower part is given in the figure I.

Production Cycle Obtaining Compounds on the Boron-IO
and Boron-I1 DBases.

Technological process general diagram which shows an
interrelation between separate cycles is performed in the

figure 2. The technological process includes:

pen
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I. Productiom of borom trifluoride BF. &nd its dimethyl
ether complex (CH;),@BF,; ?

2. Boron isotope aop&ation by distillation BF, and
exchange distillation (CH_,\)JO-BF‘.‘ methods.

3. Converting of the enriched feed into the elemental
boron, borom acid smd other compoumds.

Boron trifluoride is obtaimed by acidic method (adjust-
ment I) from the reactiom:

GK.BF +B 20z 6!12804 = 831’3-0461(}180 + 31{ 0.

The purity of BF, was 99%. The major impurities are: 80,,
and Sin. A part of the borom trifluoride is gome to feed
columas, separating boron isotopes by low-temperature dis-
t;illat:ion—---BF3 (adjustment 4), the rest of BP., is supplied
to the device 2 to obtain its dimethyl ether complex. Her e
dimethyl ether of imdustrial productiom is used; the purity
of which is 99,8%. The waste of +the BF. 4 producing process
is meutralized in the apparatus 3 and is casted off. To pro-
duce boron isotopes ( B” and B ') a mumber of devices is
equipped; they consist of the three separating cascades to
obtain boron oy the exchange distillation method of the
compound (03{5)20'BF5 /1,2/ and columns , separating boroa
isotopes by BF, distillation method. /3,4,5f

I. Cascade device witg 25kg boron output yesrly with
B — 85% comcemtration consists of the two columms 5 and 6.
The diameters of the first and second cascade columns are
128 and 70 mm; the length of the packed part is 2I,7 amd 22m
accordingly. gp_g_m'1__3,_"_‘1993&9_5;_1:__133_13;_99 in the lower part of the
first columm is 50% and in the waste it is 8%.

2« The column 7 with 50 kg boron ~output yearly with

B —-40% concemtration has a packed part lcngt:h of 22,7m and
a dlameter of I28mm. B comcemtration in the waste is 8%.

3. The column 8 is me@nt for 90kg borom yearly pro-
duct-ion with B'_99% concemtratiom. The length of its
packed part is 23m, and the diameter of the columm is I28mm.
The l?xifqggg_entratiofn, in the waste is I18,85%.

- 3 -
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The column 7 is fad by the wanmte flux from the column 5y
and the waste flux of the columns © und ' feeds the column 8.

To obtain 854 B in a form of BE, the column 4 is provided
for the boron trifluoride distillation. The output of the co-
lumn is 35kg of boron yearly.

The principal calculation parameters of the emriched bo~
ron isotope producing devices are given in the table I.

The distinguishing peculiarity of the complex distillating
devices in comparison of with BF, distillation devices is a
small value of the pormissible reflux density; this small value
is stipulated by the limitation of the pressure drop value in
the columms, because of the phermal #mstability of the complex at
high temperatures. The necessity of currying out the complex
distillatiom in vacuum is connected with it too; the pressure
in the column condensers is kept to bs ISOmn of Nercury.

Further on in one of the davices operating pressure will
be increased to I atm. by mesns of methyl fluoride recircula-
tiom through +he columh.

The complex thermal decomposition reductiom will permit
to increase reflux density and to produce 40kg of B yearly
instead of 25Kg at the pres=w:: 0O, I5 atm.

It must be pointed out that the further increase of the
reflux density and outputs of the . dlati’lating devices
seems sxpeditious. In such a case as thi= ,reflux deasity
is limited omly by the floodiag poimt. The ocutput advantage
in this case will be determimed by a character of the emrich-
ment factor E dependance on the temperature. This dependance
for BF, is givem im the fijgure 3 Because of E's slight de~
pemdance on the temperature ther¢rises the opportunity of
carrying out the BF3 distillatiom process at the pressures
5=5 atm. This circumstance must lead to the rise of the device out-
put for 40 - 60%, The device parameters , givem in the table
I, relate to the operatiom when the pressure with in the
condenser is I atm.

KRS
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When develeping separating devices an appreciable atten-
tieon was paid not only to the study eof existing packing sys-
tem efficlemcy, but to the creutiom of xew omes too. Coasideriag
that columms with large Aimmeters (more tham 30mm) actually
camnot be pre-flooded, mew packings have besn developed which have
relatively high efficiomcy wmd do mot require aay pre-~flaeding.

Packing system , used in exchange distillatiom columns
consists of triamgular bhelice layers with the height ef each
layer of am order of Icx amd capillary gaskets, which are
strips of & twice bemi metal gauze /6/. Over sach helice luyer
6-8 gaskets are pleced. Thoe wiéth of each gasket is 5 mm, tho
length is rather less tham the colwuun dismeter.

The officlomcy of this packing system has beem determined

at the complex distillation im the columas with diameters 47,
7% and I28mm. The HEIP values obtained are showm om the fik.
4,Im BF distillating columns a cap-type Packing is applied/?7/.
The elements of this vacking are caps with four sharp testh,
made of metal gauze. They are produced by pressing the piucs:
of double gauze UThrough the round hole. Pre-fleodimg is ot
required.

The figure 5 represemts the depeadance of efficienmcy
on reflux density whea operating without pre~floodimg for
cap-type packing amd for triamgular helices with gaskets
and without them.

The HETP values have heen obtained in the column
with the diameter of 94 mm by meams of benzeme-carbon tetra-
chlexide staadard mixture.

The curves ia figure 5 show that HETP as well as
pressure drop values are miniZum for the cap~type packing.

Eariched products (CH,),0-B'F, smd (CH,),0.B'F,
are convertad imTelemental boron ( apparatus 9,I0). The
later ie produced by the fTused salt electrolysis of potassium
ehiorids ECL amd potassium fluoborate KBF, ;/I/. The
vroduct outlet is 804. The purity of the elemental boron

10
Wis 92 - 98j%. Besldes the broad-using of B'F, im neutron-
385
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physical studies and neutron-recorders, it is also a raw
meterial to obtain boron «cid, labelled by isotape. Boron
icid is obtained by hydrolysis of BF, (apparatus 2) accor-
ding to the reaction:

4BF, + H,0 = 3HBFq + H,BO,
and by further splitting of boron-fluorine~-hydrogem acid:

HBF,‘ + 20&003 + IILO = 2CaFZ + H,BO, + 2Co, .

3

Production Cycle to Obtain Compounds Labelled
by Nitrogen 15/,

The general diagram of the cycle is given in the figure 6,
The cycle includes:

I. A number of obtaining nodes, internal revolution nodes
and waste tramnsport nodes;

2. BSeparating devices;
5. Hnriched product treatment devices.

To obtaim nitrogen heavy isotope two processes are used:
chemical exchamge im the nitric oxide — nitric acid system
/8,9,10,1I/ and low=temperature distillatiom of nitric oxide
/12, 13,14/ « |

In spite of the fact that § production process by
chemical exchange method is sufficieatly simple and easily
carried out im the imdustrial scale, it possesses a aumber
of substantisl drawbacks; the main of them is: a large
amount of sulfurous amhydride expenditure amd, accordingly,
the formatiom of a large amount of sulfuric acid im the phase-
returning device system. The expenditure for phase-returniag
makes the domimating part of the gemeral expenditures of
the process. More optimum scheme for N" productionfis combiming
chemical exchange process im the system NO ~-HNO, with dis-
tillation of NO. As we kmow, when distillating NO simultape-
ously with mitrogen heavy isotope, oxygem heavy isotope 0"/13/
can be obtaimed; and whem selecting from the sectiom niddle
part the emrichments,the comcentrated isotepe o™ cs&a be obtaix
ned:}bartially. When applying complex combirimg distillation and
chemical exchange processes, the imitial product expenditure

is appreciasbly reduced. Distillation devices are fed by the
333 -6 -
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waste-flux from the chemical-exchange device.

In connection with the fact, that the low-temperature
distillation process technologically is rather complicated,
them chemical-exchange process, imitially the chemical-sxc-
hsnge device is provided. Afterwards, the main part of XN
productien willbe carried out by mitric exkde distillation
method.

The chemical-exchange cascade device diagram fox pro-
ducimg 4,5kg of 99% nitrogem Fearly is given im the fi-
gure 6.

The diameters of the first (2) and secomd (3) columns
are I20 and 26mm; THE lengths of the columm packimg part
are I7,0 and I7,8m. Packimg system of the first column
represeats triangular helices (dimensions of the element:

2,5 X 2,5mm) and gauze gasket layers, placed at every other
centimetre. The packing of the second columm is represented
by triamgular helices with element dimemsions 2,3 x 2,%mm.
The refluxes of ths I amd 2 columms are 400 and I6cm /mim.
of IOmolar nitric acid accordingly.

The comcentration at the tramsitiom point from the I
columm to the secomd Cki, amd, successively, the coluam
lengths are determined to mimimize equilibrium time of the
cascade. The calculatiom results im the ferm of comceatration-
obtaimimg time Gy, = 98% N depemdance at the ead of the
second columem oxm the concentratiom Cy, value at the end of
the first columm are givem im the figure 7. The calculatioa
is deme for the twe values of the first columm equikilent
theoretical stage height h,= I2 and 20cm.

As it csm be seem from the figure 7, the curve, charac-
terizing this depemdamce , has gloping minimun in the raage of
values G, I0-30%. Whem reducing Cy, below 5% the adjustment
time sharply rises.

HW heavy isotope is produced in the form of nitric oxide,

nitric acid, free nitrogen and ammonia.
386
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Amnonia, respomding high requests of purity, is obtained
by calcium mitride hydrolysis. The process consists of three
stages:

I.Deoxidation of the nitric oxide to the free nitrogen
(apparatus 9);

2. Calcium nitride synthesis (apparatus I0);

5. Calcium nitride hydrolysis (appatus II).

Ammonia's purity in the obtained product is 99,9%. The
mejor impurities are: N,,H,,H.,O.The product outlet is 957%.

On the base of nitric oxide, enriched nitrogen N and
uxigen 0" isotopes, the production of heavy oxigen water H, O
and nitric acid HN' OJ is intemded-

Mass-diffusion.

To produce a whole number of highly enriched isotopes,
needed in sm»ll amounts, and for the separating small amounts
of material, « comstruction of cascades with I20 mass-diffusion
elements and 30 mass-diffusiom columns is conjectured. These
devices being used for ailong time in laboratory conditions,
showed high reliability and st=bility of operation £I5,I5/.The
main kinds of isotope products obtrined in mass-diffusion
devices will be neon isotopes Ne'', . . a' scarbon isotope
C"\ yargon isotopes i’ , A“‘, krypton isotope Krm and others.
As an origimal raw material natural isotopic mixture will be
used mainly. In mass-liffusion cascades reemnrichment of the iso-
topes, produced by chemnical exchange and distillatioh method
up to the nighest concemirations will be carried out. The output
of each device, calcuiated by Ne a with conmcentration 95-~98i is

nearly 200gr yaarly.

Isotope and Chemical Ceomposition Control of
Eroduction.

Isotopic compositior of vhe conpounds or the borom isotepe

pase is messured by two metnode: muss-spectrometer method amd
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nuclear-magnetic resonance.Besides, the samples from the devices
of complex-exchange distillatiom in the form of (CH, )20 BF., are
measured by muclear-magnetic resomance methed; while the samples
from the boron trifluoride distillation device in the form of BF,
are measured by means of mass~spectrometer method.
Compound isotopic composition onm the base of N' is measured
by masgs-spectrometer method in a form of compounds. NO and N, £18/
The furity of final products B", B'} B'F,, (CH,) 0 BF, ,
(CH, ),0 B' F and also the purity of feed materials (..nitial pro-
ducts) is controlled by chemical methods.

Techmological Process Automatic Comtrol System.

Automatic comtrol system of the enterprise must provide with
optimun regulation of all the technological processes.

Uptimization must teke place by meams of such parameters, as
the ceoncentration of the valuable isotope in final preduct is,
a8 the maximum output is, as ecomomy is amd s0 on-.

These functiomns must be perfopmed by the controlling elect-
ron computer, which wperates together with automatic optimizer
and electron model of separating columns.

Interprise automatic control system functional scheme is
given in the figure 3.

‘The automatic regulatiorn of sepzrating devices and initial
and £ipnal products producing devices is carried out by correspon-
ding control pamels with the help of sensing elements D, which
controls the technological procegss, and by means of actuating
nechanisms.

The enterprise general control is carried ocuy by the electron
compurter. It interrogates the semsing elements, after this the
data enter the automatic optimizer and together with controlling
nachine and electron model adjustment , the programme is worked
out. ‘The realization of this programme is done by means of co-
muané ing device, which sends necessary commands to the corresponding

panei of wutomatic regulation.

-G -
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To¢ control the technological processes and automatic ad-
Justment system operatlon serves dispatcher board: Moreover, by
means of dispatcer board the iitroduction of additiomal data
and change of the device operation is performed.

The total system of the enterprise automatic regulation is
realized in two stages. The first stage —- formation of separate
devices automatic control panels -- includes the development
of special sensing elements and actuating mechanisms. The second
stage -- formation of en automatic optimizer , electron model
and commanding device, which together with the controlling elec-
tron computer will make a thorough automation of the enterprise-

At presemt the first stage of the automation is already
realized -- the panels of isotope~separating processes automatic
control are formed. Regulation of these processes is carried on
by device hydrodynamic parameters. This caused the need of some
questions' solvation,which are comnected with the measurement;
ad ) ané regulation of aggressive fluid small fluxes and rela-
tively small gas fluxes; the need of regulating reaction zone
place in the devices,operating by chemical-exchange method, etc.
The expenditure-meters of small fluxesbf fluids and gasses are
developed; there are developed spm2cial actuating mechanism for
precise regulating of flures, saturated by gasses dissolved im ‘
them, and other devices. A particular 2ttenmtion is paid to the
reliability and accuracy of regulation . Ilectrom regulators
are entirely witheut contacts and collected on the tramsistors
and magnetic elements.

Fluid flux regulators , operating at continuous,inter-
mittent and quasi-contimuous regimes, and also gas flux regula-
tors , secure the control with an error not exceeding +I,5x,
and the major part of the error is due to the expenditure-meters

(the error of the regulators themselves are no mere tham + O,4%).
The reaction zome situation regulatiom im the reactors is

dome by self-tuned regulators, which automatically choose a nece-
ssary regime for the operation. This provides with the keeping
the reaction zone at the assigned place of rocactor at amirimum
number of regulations.

Circulation regulatoers in distillation columns provide with
keeping the circulation in dependance upon the level of fluid in

3858
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the evaporator ; that permits to carry on the separating pro=-
cesses at small hold-ups and entirely excludes the possibility
of evaporator overheating.

Other parameter regulators provide with the comtrol with
an error nol exceeding I /I18/.

Separating process automatic regulation system includes
emergency and warning sigmal system. Invelving a particular
importamce of signal device reliability a sgstem with thorough
self-checking is developed.

Approved For Release 2009/08/26 : CIA-RDP88-00904R000100110033-3



Approved For Release 2009/08/26 : CIA-RDP88-00904R000100110033-3

Captlong

ipe T == A peneral sight ol producing bad Ldingg wilh a tower part.

Fipre? == DProducing cycle schoume of oblnining compounds on the ]3’1'0

and B“ bhaseo.

I) BY, producins device.

2 Bl,«‘ﬁ complex with dimetlyl cther producing device.

%) Waste neutralivzer,
4) BIr, production devices 859 B
5,6) the first and the second cascade colummns producing 85%
BIU D% complex—~exchange distillation.
7) 99% gt producing column by complex-exchange distillation.
8) 40% BIO producing column by complex-exchange distillation.
9) Tetrafluorideborate potassium producing apparatus.
I0) Electrolytic cell,
II) Boren acid producing apparatus.

Fige5 == Boron isotope enrichment factor dependance on temperature
at BF distillation,

I - enrichment factor E.I03, 2 -~ pressure, atm, 3 - temperature,
°k.

Fig.4 -- Equivalent theoretical stage height dependance on column
diameter for packing consisting of triangular helice and
capillary gasket segments.

I - ETSH, cm, 2 -~ diameter, cm.
Efficiency of different packings at non-pre-flooding
operation,
0 - segments of triangular helices 3,0 x 2,4 ;
the same packing with cagillary gaskets;
cap-type packing 4,5/2,8 of double gauze (dashed
curyes relate to pressure drops)
ETSH, 2 - reflux density, cm/cma.min, 3 -~ pressure d4rop

mm Hg/m

10 vy distillation.
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Fig.6 -~ Producing cycle scheme of compounds labelled by NIS
I - Nitrogen oxide absorber.
2,3) Te I and 2 columns to produce NL” by chemical exchange.
4,5) Phase-returning system
6) Nitric oxide purifying apparatus,
7+8) Te I and 2 columns producing o and 008 by
distillation.
9) Nitric oxide deoxidation apparatus.

I0,II) Apparatus for calcium nitride synthesis and hydrolysis,
I2) Water and nitric acid producing system from nitric oxide,

Fig.?7 -- Concentration Ck2 98% N1° at the end of the column 2 obtaj-
ning time dependance upon the concentration value at the
transition point Ck at the height hI = 20 and I2 cm of the
I colum stage
I - days, 2 - molar fractions,

Fig.8 -~ Enterprise automatic control system functional diagram.

I - from control panel and sensing elements, 2 ~ from
control panel, ? - unit of interrogation of sensing elements,
4 - automatic optimizer, 5 - eleciron model, 6 - controlling
mschine, 7 - dispatcher board, 8 - commanding device,

9 -~ to control panels, I0 - to the unit of sensing elements
interrogation, II - separation unit No.I, I2 - comtrol panel
No I, I3 - from sensing elements of separation unit No 2,

I4 - control panel No 2y I5 - to the actuating mechanizms
of separation unit No 2, I6 - from sensing elements of
separation unit i, I7 - control panel i, I8 - to actuating
mechanisms of unit i, f - gensing element 4K - sensing
element of isotope concentration, BN - actuating mechanism,
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